Background: Cervical cancer is a widespread cancer among women worldwide. In this study, we evaluated the role of diffusion weighted magnetic resonance imaging (DWI-MRI) in diagnosis of cervical carcinoma with pathological diagnosis taken as the reference. The study included 70 patients in whom cancer cervix had been suspected clinically or by transvaginal U/S and confirmed by biopsy. The control group consisted of 40 patients with a normal cervix who performed MRI for other pelvic disorders. Pelvic MR with DWI and dynamic contrast enhanced MRI (DCE-MR) were done for all patients. Results: Both DW-MRI and DCE-MRI revealed the same sensitivity, specificity, PPV, and accuracy; 100%, 50%, 97%, and 97%, respectively. The mean ADC value for malignant lesions was (0.82 × 10 −3 ± 0.1 SD mm 2 /s). While the mean ADC value in the control group is (1.56 × 10 -3 mm 2 /s). ADC value of (1.07 × 10 −3 mm 2 /s) is a cut-off between normal cervical tissue& malignant cervical lesion with a sensitivity 97% and specificity 95.5% Conclusion: Each of the (DW-MRI) and (DCE-MRI) sequences when added to the non-contrast MRI sequences in the estimation of cancer cervix had elicited the same sensitivity, specificity, and accuracy. DW-MRI was significantly beneficial in terms of diagnostic performance. For patients who cannot receive contrast medium, dynamic contrastenhanced imaging can be replaced by DWI. The ADC value in case of cervical cancer was significantly lower than in the non-affected cervical tissue.
Background
Cervical cancer is the fourth most widespread cancer in women worldwide, and the second most common in lowand middle-income countries. In 2018, there were an estimated 569,847 new cases universally annually. More than 85% of these cases arise in developing countries [1] .
In Egypt, cervical cancer is the thirteenth most frequent cancer among women in Egypt and the tenth most frequent cancer amongst women between 15 and 44 years of age [2] .
MRI is an ideal non-invasive technique and has betterquality compared to other imaging modalities in the evaluation of pelvic abnormalities. MR imaging represents the single most valuable modality for detection of primary tumor, nodal involvement and local spread. It is also the best modality for showing recurrent disease and monitoring therapeutic response [3] .
MRI is superior to clinical examination alone for correctly evaluating cervical carcinoma stage. The recent 2018 International Federation of Gynecology and Obstetrics Federation (FIGO) staging system of cervical cancer emphasizes the usefulness of imaging, and includes imaging evaluation, when available, in addition to clinical examination as part of clinical staging [4] . MRI can accurately determine tumor location (exophytic or endocervical), tumor size, depth of stromal invasion, and extension into the lower uterine segment. This is of particular importance for the choice of treatment [3] .
Diffusion-weighted imaging (DWI) is a functional MRI sequence which is increasingly employed for tumor diagnostics. It carries the potential to improve tissue characterization when findings are interpreted together with conventional MR imaging sequences [5] . Moreover, DWI permits quantitative evaluation of diffusion properties based on the calculated apparent diffusion coefficient (ADC), which is a function of the exponential reduction in tissue signal intensity with increasing diffusion-weighting (b values) [6] .
The aim of our study was to evaluate the additive role of diffusion weighted magnetic resonance imaging (MRI-DWI) in assessment of cervical carcinoma, with pathological diagnosis taken as the reference.
Methods

Patient population
A case-control study was conducted on 70 consecutive women (case group); in whom cervical cancer had been suspected clinically or by transvaginal U/S and confirmed histopathologically in the period of January 2014 to June 2016. The control group consisted of 40 women age matched in whom cervical cancer had not been suspected and MRI was performed due to other pelvic diseases. The patient's age ranged from 38 to 82 years old. Our study was approved from the ethical committee of our institution. Data were collected after obtaining informed written consent of all cases.
MRI imaging protocol
MR imaging was carried out using a 1.5 T scanner (Achieva, Philips medical system) using pelvic phased-array Torso coil with the patient in the supine position. All cases were asked to check their creatinine level before the examination to avoid renal insult caused by contrast media administration. MR protocol included post-contrast T1 fat sat THRIVE (high-resolution isotropic volume examination) images were acquired instantly after administration of 0.1 mmol/kg of body weight (maximum, 20 mL) gadolinium (manual injection). This was followed by injection of 20 mL of normal saline flushing the tube. Images were acquired serially at 0, 30, 60, 90, and 120 s. 
Staging analysis
A combination of T2-weighted images, DWI-MR imaging sequences, and dynamic post-contrast MR imaging were used in staging of cervical carcinoma. The MRI staging followed the FIGO staging analysis.
Interpretation of DWI Qualitative analysis
Benign lesions displayed low signal intensity on DW images and high signal in the corresponding ADC maps (facilitated diffusion). Malignant lesions demonstrated high signal intensity on DW images and low signal intensity on ADC maps (restricted), avoiding reduced signal intensity areas which could indicate necrotic areas.
Quantitative analysis
Regarding the quantitative analysis of DWI, ADC maps were generated. Tumor regions of interest (ROIs) were manually identified, which were then automatically calculated on the work station to get the mean ADC values (× 10 -3 mm).
Statistical analysis
Data analysis was performed using SPSS v. 22 (Statistical Package for Social science) for Windows. Quantitative variables were described as mean, standard deviation (SD), minimum, and maximum. Diagnostic tests including sensitivity, specificity, PPV, NPV, and accuracy were calculated using MedCalc statistical software version 18.10.2. Pathological data as the gold standard in our study was considered. Receiver operating characteristic (ROC) curve was used to predict malignant cervical lesions by using ADC values. The significance of the results was assessed in the form of P value that was differentiated into non-significant when P value > 0.05, significant when P value ≤ 0.05 and highly significant when P value ≤ 0.01.
Results
The study group consisted of 70 patients in whom cervical cancer had been suspected clinically or by transvaginal U/S and confirmed by biopsy. The control group consisted of 40 patients in whom cervical cancer had not been suspected and MRI was performed because of other pelvic diseases. The patients' ages ranged between 38 and 82 years (mean age 59.4). The clinical presentations were postmenopausal bleeding (32/70, 45.7%), vaginal bleeding with discharge (16/70, 22.8%), and vaginal bleeding with pain (22/70, 31.4%). The size of the cervical masses ranged between 2-5 cm in 14/70 (20%) and more than 5 cm in 56/70 (80%).
Regarding the signal intensity of the cervical lesions at T1WIs, hypointense T1 signal was seen in 34/70 (48.5%) cases, iso-intense signal in 28/70 1, 2, 3, 4, and 5 ).
The results of histopathological examination were compared to conventional MRI, DWI-MRI, and DCE-MRI images to detect sensitivity, specificity, accuracy, PPV, and NPV in diagnosis of malignant cervical lesions (Tables 2, 3, and 4) .
The ADC values were calculated for the malignant cervical lesions and the control group. The mean ADC values for malignant lesions was 0.82 × 10 −3 ± 0.1 SD mm 2 /s while the mean ADC value in the control group was 1.56 × 10 -3 mm 2 /s ( Table 5 ). Quantitative analysis of the ADC values in different histopathological types of cervical malignant lesions and the detected benign lesions showed no significant statistical difference ( Table 6) .
Results of ROC analysis of ADC values differentiating between cervical carcinoma and normal cervical tissue are shown in Table 7 . The area under the curve was 0.942 with a significant P value of 0.001. ADC value of 1.07 × 10 −3 mm 2 /s was the cut off between normal cervical tissue and malignant cervical lesions with sensitivity 97% and specificity 95.5% (Fig. 6 ).
Discussion
Cervical cancer is a major cause of morbidity and mortality worldwide in spite of advances in screening and prevention. The oncologic challenges include early detection, appropriate treatment, and interventions to control the disease. The 2018 FIGO committee has encouraged the use of advanced imaging modalities, including MR imaging, to increase the accuracy of staging and help guide treatment, radiation treatment planning/ monitoring, and detection of recurrence [4] .
Extensive literature is found supporting the role of MRI in the pretreatment evaluation of patients with cervical cancer. MRI provided detailed findings being an advanced multi-planar multi-parametric modality that made staging and consequently management much easier procedure in a way that overweighs its high cost [7] [8] [9] [10] .
On contrast enhanced MRI, cervical cancer presents high signal relative to the low signal of the cervical stroma. Typically, cervical tumors enhance avidly in the early dynamic phase compared to the slight enhancement of the normal cervical epithelium and stroma, permitting distinction of recurrent tumors from radiation fibrosis [11] .
In the present study, heterogeneous contrast enhancement was found in 57% of cases. Each of the DWI and DCE-MRI sequences when added to the non-contrast MRI sequences in the estimation of cancer cervix had elicited the same sensitivity value (100%), specificity (50%), and accuracy (97%). Malignant cervical tissue demonstrates restricted diffusion and hence reduced ADC values when compared to normal tissue. DWI and ADC maps allow differentiation of benign from malignant zones of cervix with high sensitivity and specificity [12] .
The current study, DWI-MRI showed sensitivity 100%, specificity 50%, accuracy 97%, PPV 97%, and NPV 100%, compared to DCE-MRI which reported sensitivity 100%, specificity 50%, accuracy 97%, PPV 97%, and NPV 100%. The low percentage of the specificity in this study was due to the low number of the true negative patients. This is in accordance to Chen et al. [13] who found that the sensitivity and specificity of DW-MRI for tumor detection were 100% and 84.8%, respectively.
The current study results are similar to the study carried out by Kuang et al. [14] that included 75 cervical carcinoma and 47 benign cervical lesions (25 cervical leiomyoma, 22 cervical polyps). In their results, DWI-MRI was significantly better than routine MRI and revealed high accuracy (0.95); the diagnostic performance was not significantly different between DWI-MRI and DCE-MRI.
In their study, DWI-MRI displayed 95% sensitivity, 96% specificity, 95% accuracy, 97% PPV, and 92% NPV compared to DCE-MRI that displayed sensitivity 96%, specificity 96%, accuracy 96%, PPV 97%, and NPV 94%.
In the present study, the mean ADC value for malignant lesions was 0.82 × 10 −3 ± 0.1 SD mm 2 /s), while the mean ADC value in the control group was 1.56 × 10 -3 mm 2 /s). The ADC value of 1.07 × 10 −3 mm 2 /s was the cut off between benign and malignant cervical lesion by sensitivity 97%, specificity 95.5%, and P value < 0.001. A combination of increased extracellular tortuosity and the ratio of intra-to extracellular water fraction may be the best biological explanation for the decreased ADCs in the cancer tissues [15] .
Kuang et al. [14] found that the mean ADC values for cervical carcinoma were 0.916 × 10 −3 ± 0.15 SD mm 2 /s, for cervical leiomyoma 1.396 × 10 −3 ± 0.15 SD mm 2 /s and for cervical polyp (1.426 × 10 −3 ± 0.11 SD mm 2 /s. There were significant differences between the ADC values of cervical cancer and those of benign cervical lesions (leiomyoma and cervical polyps) at both ADC maps (P < 0.001); however, there was no significant difference between cervical leiomyoma and cervical polyps at both ADC maps.
Atstupėnaitė et al. [16] included 65 patients in whom cervical cancer had been clinically suspected and confirmed by biopsy before MRI examination. All these patients underwent pelvic MRI twice: before the chemoradiation therapy and 6 months following therapy. They found that the mean ADC value of the study group (0.658 ± 0.118 × 10 -3 mm 2 /s) was lower than of the control group (1.171 ± 0.143 × 10 -3 mm 2 /s), with P value (P = 0.03). The ADC threshold value of 0.945 × 10 -3 mm 2 /s was defined, differentiating the cancer-affected cervical tissue from the normal tissue.
Nakmura et al. [17] studied 80 cervical cancer patients who underwent pelvic MRI within the 2 to 4 weeks before radical hysterectomy. They reported that the mean ADC value was (0.852 × 10 −3 mm 2 /s). They also found that well differentiated tumors had higher ADC values than poorly differentiated tumors (1.2 × 10 −3 mm 2 /s vs. 1.1 × 10 −3 mm 2 /s) (P = 0.01).
In this study, we reported no significant difference in ADC between different histological subtypes. ADC mean of keratinized squamous cell carcinoma (K.SCC) was 0.84 × 10 −3 mm 2 /s while that of non-keratinized squamous cell carcinoma (NK.SCC) was 0.76 × 10 −3 mm 2 /s and ADC mean of papillary adenocarcinoma was 0.87 × 10 −3 mm 2 /s. Similar results had been observed in the 
Conclusion
Each of the DW-MRI and DCE-MRI sequences when added to the non-contrast MRI sequences in the estimation of cancer cervix had elicited the same sensitivity, specificity, and accuracy. DW-MRI was significantly beneficial in terms of diagnostic performance. For patients who cannot receive contrast medium, dynamic contrast-enhanced imaging can be replaced by DWI. The ADC value in case of cervical cancer was significantly lower than in the non-affected cervical tissue.
Recommendations
Diffusion weighted MRI should be included in the routine pelvic MRI protocol. Because of time restrictions, radiologists have to make a choice between different sequences according to the patient 'clinical condition. 
